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Abstract— In Malaysia, the production of activated 
carbons is still coconut-based although Malaysia has 
long shifted from coconut into palm oil plantation. Huge 
amount of waste Palm Kernel Shells (PKS) are being 
generated and disposed off into the landfill with little 
known of their usage on large scale. In this study, the 
potential of production of activated carbon from raw 
palm kernel shells are studied. Activated carbon was 
prepared from raw palm kernel shells using chemical 
activation with potassium hydroxide (KOH) as an 
activating agent. The effects of different process 
parameters: KOH concentration, activation 
temperature and time on physicochemical properties of 
the prepared activated carbon were investigated. The 
activated carbon was analyzed using scanning electron 
microscopy (SEM), energy-dispersive X-ray 
spectroscopy (EDS), Fourier Transform Infrared 
(FTIR) spectroscopy, proximate analysis and methylene 
blue adsorption study. FTIR analysis indicates that raw 
palm kernel shell has successfully been converted into 
activated carbon. SEM photograph revealed that 
prepared activated carbons have numerous burn-off 
pores with extensive surface area for adsorption. 
Activated carbon sample prepared at 700 ºC and 1 hour 
activation with 30 wt % KOH impregnation showed 
greatest extend of methylene blue removal of 6.932 mg/g 
equivalent to 69.324 %RE with largest specific surface 
area of 21.137 x 10-3 km2kg-1 have been reported. This 
study shows that palm kernel shells can be used as a 
good source for the production of activated carbon. 
Keywords— Activated carbon, Palm kernel shell, 
Chemical activation 
I.  INTRODUCTION 
Malaysia is a second largest producer of palm oil 
products in the world after Indonesia. The Palm 
Kernel Shell (PKS) is an abundant solid waste from 
Oil Palm Processing Mills in Malaysia with a little 
known for its potential usage in large scale. It was 
estimated by The Malaysia Palm Oil Board (MPOB) 
that the total PKS production reaches 5.22 million 
tones for the year 2014. However, there is only little 
or no effort on production of activated carbons from 
waste PKS in most Palm Oil Mill Industry. The 
production of activated carbons was still coconut-
based although Malaysia has long shifted from 
coconut into palm oil plantation. Huge volume of 
waste kernel shells was being generated and being 
disposed off without due consideration to 
environmental problems. 
In this study, the potential of raw PKS for the 
production of activated carbon was studied. Activated 
carbon was prepared using raw PKS obtained from a 
local oil palm processing mill in Malaysia. Activated 
carbon was prepared under three different process 
parameters: KOH impregnation concentration (10 & 
30 wt %), activation temperature (500, 600 & 700 ºC) 
and time (30 & 60 minutes activation). The 
experiment yields a total of 12 samples of activated 
carbon. Activated carbon was characterized using 
scanning electron microscope (SEM), energy-
dispersive X-ray spectroscopy (EDS), Fourier 
Transform Infrared (FTIR) spectroscopy, proximate 
analysis and methylene blue adsorption study. The 
effects of process parameters on physicochemical 
properties of prepared activated carbon was discussed. 
II. LITERATURE REVIEW 
Activated carbon is a black, non-graphitic solid 
form of carbon possessing intense degree of 
microporosity. It can be in the form of powder, pellet 
or granular chip. It is a material produced from 
thermal treatment which is known for its adsorption 
capacity due to its extensive porosity within large 
internal surface area. It has carbon content of 87 % to 
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97 % together with other elements presented in the 
starting material or preparation methods involved [1], 
[2]. 
A. Preparation of Activated Carbon 
Activated carbon can be prepared from virtually 
all carbonaceous materials. However, agricultural 
waste offers the most abundant, economic, renewable 
and environmental friendly sources of all for the 
production of activated carbon. Several lignocellulosic 
biomass such as pine wood [3], apple pulp [4], rice 
husk [5], coconut husk [6], coconut shell [7], olive 
stones [8], corn cobs [9], walnut shell [10], Eucalyptus 
wood [11] and apricot stones [12] have been studied 
and used by researchers for production of activated 
carbon. 
Activated carbon is prepared from both physical 
and chemical method. Physical activation is 
accomplished in two steps: carbonization of the raw 
precursor using heat followed by activation of the 
resulting char with an oxidizing gas such as steam and 
carbon dioxide to produce activated carbon. Chemical 
activation involves mixing of the raw material with an 
oxidizing agent such as phosphoric acid (H3PO4) and 
zinc chloride (ZnCI2) followed by simultaneous 
carbonization and activation in a furnace under a 
controlled flow of inert gas [13]. 
Chemical activation confers several advantages 
than physical activation in the ways that it uses lower 
temperature and shorter time for thermal treatment. 
Besides, chemically activated carbon material exhibits 
larger internal surface area and better meso porosity 
than that of physical activation [10]. 
B. Structure of Activated Carbon 
 Activated carbon has microcrystalline structure 
resembles that of pure graphite. Apart from carbon 
atoms, elements such as oxygen, hydrogen, nitrogen 
and sulfur are also presented in the carbon material. 
The porous structure of the activated carbon is filled 
with numerous burn-out pores of different sizes. These 
pores are conveniently classified by International 
Union of Pure and Applied Chemistry (IUPAC) into 
micro (with diameter ˂ 2 nm), meso (2 - 50 nm) and 
macro (˃ 50 nm) porosity. Micropores account for 
approximately 95 % of the total surface area of the 
activated carbon and responsible primarily for 
adsorption capacity of the activated carbon. 
Mesopores act as a channel that lead adsorbate 
molecules into inner microstructure of the carbon 
while macropores are not of considerable importance. 
It is the intense Van der Waals force of attraction from 
the near proximity of carbon atoms which are 
responsible for its adsorption capacity [14], [15]. 
Figure 1 depicts the porous network of activated 
carbon. 
 
Figure 1: Porous Network in the Activated Carbon (Menendez-
Diaza & Martin-Gullonb, 2006) 
C. Characterization of Activated Carbon 
Modern electron microscopes provide mean for 
visualization of the surface morphology of the 
activated carbon [15]. Infrared spectroscopy reveals 
the surface functional groups present on the carbon 
surface responsible for its adsorption process [13]. 
Elemental analysis determines composition elements 
that make up carbon material. Proximate analysis 
determines moisture, volatile matter, ash res idue and 
fixed carbon content of the carbon material. 
Methylene blue number refers to the milligrams of 
methylene blue dye that can be adsorbed by 1.0 g 
activated carbon material [4]. 
D. Application of Activated Carbon 
Activated carbon is widely used as an adsorbent in 
diverse fields of application such as catalysts, 
electrochemistry, electronics, both aqueous and gas 
phase adsorption [13]. Its main applications include 
the removal of color, odor, taste and undesirable 
organic and inorganic impurities from drinking 
waters, in the treatment of industrial wastewater, air 
purification in food processing and chemical 
industries, in the purification of many chemical, food 
and pharmaceutical products, added in respirators for 
work in hostile environments as well as in a variety of 
other gas phase applications [14]. 
III. METHODOLOGY 
The raw PKS used for the preparation of activated 
carbon in this study was obtained from Jenderata Palm 
Oil Processing Mill in Perak, Malaysia. All chemical 
reagents used in the experiment included hydrochloric 
acid, 37 % w/w, potassium hydroxide pellets and 
methylene blue, CI.52015, stain are of AR grade. 
The shells were first washed multiple times with 
distilled water to eliminate any dirt or fibers in the 
precursor. After that, the shells were distributed over 
shallow aluminium trays and sun dried for 4 days to 
eliminate any free moisture. The dried shells were 
then crushed with a hammer and sieved to a particle 
size of 4 - 5 mm. Activation of the shells was carried 
out chemically using KOH as an activating agent. The 
chemical, KOH was selected in this work due to the 
fact that it is more eco-friendly than that of more 
frequently used zinc chloride (ZnCI2) and phosphoric 
acid (H3PO4) [17]. Two concentration of the KOH 
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solution (10 and 30 wt %) and an impregnation ratio 
of 1:1 (weight of KOH pellets to shells) was used.  
For each sample, 20.00 g shells was accurately 
weighted and impregnated with KOH solution at 80 
ºC with continuous stirring for 2 hours. After that, the 
sample was filtered and dried overnight at 110 °C in 
Memmert Universal UF55 Oven. Simultaneous 
carbonization and activation of the sample was carried 
out in CARBOLITE HTF 1800 furnace at 500, 600 
and 700 ºC for 30 and 60 minutes respectively. 
Activated carbon obtained was allowed to cool down 
to room temperature prior to washing steps. The 
sample was then rinsed several times with hot distilled 
water (80 °C) followed by acid washed with 0.1 M 
HCI solution to remove residual activating agent until 
the rinsed water reached a pH of 7 - 8. Finally, the 
prepared activated carbon sample was dried overnight 
at 110 °C in an oven, cooled and stored [14], [17]. The 
experiment yielded a total of 12 activated carbon 
samples as summarize in Table 1. 
Surface morphology and energy-dispersive X-ray 
spectroscopy (EDS) analysis was carried out using 
JOEY JSM-6380LA SEM (JOEL, USA). AC sample 
was first mounted onto specimen holder before 
inserted into the chamber. The magnification, focus 
and distance knobs were adjusted to obtain better view 
of the sample’s surface morphology. For surface 
chemistry analysis, it was conducted via PerkinElmer 
Spectrum 100 FTIR Spectrometer (PerkinElmer, 
USA) between 4000 to 600 cm−1.  
The yield of AC was calculated from the 
percentage of the weight of AC sample after washing 
and drying steps divided by the weight of raw PKS 
used. Proximate analysis was performed according to 
ASTM method to determine percentage moisture 
content, volatile matter, ash residue and fixed carbon 
content. The moisture content of AC was determined 
using the ASTM D2867-09 method. Volatile content 
was determined using ASTM D5832-98 method. Ash 
content was determined using ASTM D2866-94 
method. Percentage fixed carbon was calculated from 
the difference. 
Methylene blue adsorption study was carried out 
with 10.0 mg of activated carbon placed into contact 
with 10.0 mL of 10 µg/mL methylene blue solution 
for 48 hours. The remaining concentration of the 
methylene blue solution was analyzed using Spectro 
UV-2650 UV-VIS Scanning Spectrophotometer 
(Labomed, USA) at wavelength 645 nm. ANOVA 
analysis was performed to aid in the study of the 
relative significance of process parameter. The 
flowchart for the experimental work of AC production 
from raw PKS was given in Figure 2. 
Table 1: Design of Experiment for AC Production from raw 
PKS 
Impregnation 
Concentration 
(wt %) 
Activation 
Temperature 
(°C) 
Activation Time  
(min) 
10 
500 
30 
60 
600 30 
60 
700 
30 
60 
30 
500 
30 
60 
600 
30 
60 
700 
30 
60 
 
 
Figure 2: Flowchart for the Experimental Work of AC production 
from raw PKS 
 
IV. RESULTS & DISCUSSIONS 
Figure 3 summarized yield of the different sample 
of activated carbon prepared under each process 
condition. ANOVA analysis was performed to study 
the relative significance of process parameter on 
carbon yield with 95 % confidence level. As can be 
seen in Table 2, impregnation concentration was 
significant parameter which affected percentage of 
carbon yield with P-value lower than 0.05. 
As highlighted in Figure 3, 30 wt % AC gave a 
significant lower yield (11.18 - 15.41 %) than that of 
10 wt % AC (25.72 -30.53 %). As expected, the 
higher the concentration of activating agent, it would 
lead to higher degree of carbon burn-off. This is 
explained by higher rate of potassium intercalation 
into the raw material followed by increased 
devolatilization, creating more pores through 
consumption of carbon from the material. The same 
result was also observed by other researchers [15], 
[19]. Besides, the percentage yield also shows general 
decreased pattern with increased temperature and time 
of activation. Increase in the temperature and time of 
activation resulted in more volatile components being 
released from the raw material. This increased the 
total weight loss of carbon [17]. The 30 wt % carbon 
activated at 700 ºC for a duration of 60 minute 
reported the least of the total yield. 
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Table 2: ANOVA for Control Parameter on Carbon Yield 
Process Parameters F value  P value  
Impregnation Concentration  289.930 0.000* 
Activation Temperature  0.086 0.918 
Activation Time  0.018 0.895 
* Indicates Significance 
 
 
 
Figure 3: Effect of Process Parameter on Yield of Prepared AC 
The results for proximate analysis of raw PKS and 
AC sample were presented in Table 3. Statistical test 
using ANOVA indicating significance of each 
process parameter was presented in Table 4. As can 
be seen in Table 3, raw PKS was determined to have 
a very low ash content (3.28 ± 0.44 %) with relatively 
high fixed carbon (20.74 ± 1.76 %) which make it 
suitable for preparation of good quality AC. Similar 
observation was also reported by Menteku (2013), 
Puad (2001) and Gottipati (2012). It was reported by 
Nwabanne & Igbokwe (2015) that the presence of ash 
has been shown to hinder porous surface 
development [19],[21]. Low ash content of the 
precursor is desirable for AC production with low 
inorganic content favorable for high adsorption 
capacity. 
Percentages moisture content of AC was found to 
lie in the short range of 2.30 ± 1.08 % to 3.46 ± 0.75 
%. ANOVA analysis suggested that moisture content 
of AC was irrespective with the concentration, 
activation temperature and time with P-value greater 
than 0.05. This contributed to the same drying 
procedure being applied to all AC sample after 
washing step in the process [19]. 
Table 3: Results for Proximate Analysis of Prepared AC 
 
M* = Moisture     VM* = Volatile Matter     FC* = Fixed Carbon 
Results in Table 3 shown that, the volatile content 
of raw PKS has been greatly reduced compared to 
that in AC samples, indicating the release of volatile 
components during activation. From Figure 4, the 
volatile matter of AC was observed to decrease with 
increase impregnation concentration, activation 
temperature and time. This could be contributed to 
the fact that most volatile content has been released 
from the raw material at higher temperature and 
duration of activation. ANOVA analysis indicated 
that impregnation concentration has most pronounce 
effect on volatile matter of AC with P-value less than 
0.05. Both activation temperature and time was 
insignificant on volatile matter of AC. 
Table 4: ANOVA for Control Parameter on Proximate Analysis 
Proximate 
Analysis 
Process 
Parameters 
F value  P value  
 Concentration 1.5227 0.2454 
Moisture  Temperature 1.5319 0.2676 
 Time 0.7507 0.4066 
 Concentration 6.5202 0.0287* 
Volatile  
Matter 
Temperature 3.8723 0.0612 
 Time 0.7754 0.3992 
 Concentration 6.6160 0.0278* 
Ash Content Temperature 3.5097 0.0747 
 Time 0.8602 0.3755 
 Concentration 5.1033 0.0474* 
Fixed 
Carbon 
Temperature 3.2477 0.0867 
 Time 2.1563 0.1727 
* Indicates Significance 
The ash content is an indication of the amount of 
impurities present in the carbon material. From 
Figure 5, the ash content was significantly highest in 
30 wt % AC than that of 10 wt % AC with P-value 
less than 0.05. This was suggested to cause by alkali 
residuals remained within the carbon as part of the 
ash [19]. The duration of activation period was 
observed to reduce the ash content of the AC. This is 
true as further heating, in the temperature regime 
used, will lead to devolatilization of lignin content of 
carbonaceous biomass material [22]. On the others 
hand, the ash content of AC also increased steadily 
when the activation temperature was increased. As 
the activation temperature increased, more volatile 
components were driven off and the inorganic 
constituents present within the carbon such as SiO2 
residues are left over as ash [19]. From ANOVA 
analysis, it was observed that both activation 
temperature and time was less significant on ash 
content of AC (P > 0.05). 
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Figure 4: Effect of Process Parameter on % Volatile Matter of 
Prepared AC 
 
Figure 5: Effect of Process Parameter on % Ash of Prepared AC 
 
Figure 6: Effect of Process Parameter on % Fixed Carbon of 
Prepared AC 
Prepared AC was determined to have higher % FC 
(67.22 ± 2.78 - 77.55 ± 2.62 %) than that of raw PKS. 
This proved that the precursor has thermally 
decomposed into a carbon rich solid while almost all 
of the volatile matters in the raw material have 
evolved into gases and vapors during simultaneous 
carbonization and activation [16], [23]. The fixed 
carbon content of AC did increase with increasing 
impregnation concentration, activation temperature 
and time as shown in Figure 6 due to the release of 
volatile matters. ANOVA analysis suggested that only 
impregnation concentration was significant on fixed 
carbon of AC with P-value less than 0.05. Both 
activation temperature and time was less significant 
on fixed carbon of AC with P-value greater than 0.05 
and 0.1, respectively [14]. 
The element weight percent on prepared AC as 
performed by EDS analysis was presented in Table 5. 
The raw PKS showed the presence of element carbon, 
oxygen, aluminium and silicon in the proportion of 
52.44, 36.98, 4.95 and 5.63 wt % respectively. The 
raw PKS was observed to exhibit lower carbon 
content compared to all AC samples (75.83 -96.36 wt 
%). This further proved that the carbon content of AC 
has been enriched in the activation process. The 
results met those as reported in the literate that during 
thermal treatment of precursor, these polymeric 
structures decompose and release most of the non-
carbon elements, leaving behind a rigid carbon 
skeleton [24]. The percentage of oxygen, aluminium 
and silicon of raw PKS was observed to reduce in AC 
samples. This suggested the removal of inorganic 
constituents in the raw material during carbonization. 
The AC samples were determined to have percent 
oxygen, aluminium and silicon in the range of 1.22 -
 9.50, 0.27 - 2.80 and 0.45 -3.63 wt %. These 
elements most probably contributed to the residual 
ash in the AC attributed to silica and silicate 
compounds as reported by A. M. Youssef and T. El-
nabarawy (2006) [8]. The results also showed the 
presence of element potassium (0.58 - 5.83 wt %) in 
AC structure. This was attributed to the residual KOH 
retained in AC samples. This suggested that chemical 
impregnation took place into the raw material [24]. 
 
Table 5: Element Weight Percent of AC from EDS Analysis 
Conc. 
(wt %) 
Temp. 
(°C) 
Time 
(min) 
C* O * Al* Si* K* 
10 
500 
30 75.83 19.50 − 0.87 3.80 
60 83.50 9.87 0.80 − 5.83 
600 
30 85.93 9.33 − 2.09 2.65 
60 84.35 12.75 1.63 − 1.28 
700 
30 92.65 2.59 − − 4.76 
60 94.77 3.87 − 0.32 1.04 
30 
500 
30 91.13 4.82 0.27 1.14 2.63 
60 87.41 1.22 2.80 3.63 4.94 
600 
30 96.36 1.63 1.24 0.19 0.58 
60 94.35 3.43 0.52 0.45 1.25 
700 
30 91.27 2.38 1.34 2.13 2.88 
60 94.83 2.01 0.56 0.56 2.04 
Raw PKS 52.44 36.98 4.95 5.63 − 
C* = Carbon     O* = Oxygen     Al* = Aluminium     Si* = Silicon     K* = Potassium  
 
Methylene blue (MB) adsorption batch study was 
carried out to investigate the efficiency of AC in the 
removal of blue dye. Table 6 presented the results for 
the amount of MB adsorbed on prepared AC (qeq), the 
specific surface area (SMB) of AC for MB adsorption 
and percentage removal efficiency (% RE) of AC. 
From Figure 7, the uptake capacity of MB onto AC 
was higher for 30 wt % KOH impregnation than that 
of 10 wt %. At lower KOH impregnation 
concentration, AC exhibited low adsorption capacity 
of only 2.118 to 4.525 mg/g equivalent to 21.178 -
 45.251 % removal of MB. This also contributed to 10 
wt % having low accessible area calculated for MB 
adsorption. 10 wt % AC prepared at 700 °C with 
60 minutes activation time however, showed quite 
high adsorption capacity of 6.111 mg/g or 61.105 
% RE with 18.631 x 10-3 km2 kg-1 compared to the 
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others. This could be due to better porosity 
development of the carbon prepared at higher 
temperature and longer duration of activation time 
than others. The uptake capacity of MB onto AC 
increased significantly with increasing impregnation 
concentration which signifies the role of pores to 
accommodate the adsorption of MB molecule [25]. 
Increasing intercalation of potassium into the raw 
material increases the release of volatiles from the 
carbon which is accompanied by pores development 
in the structure [14].  
Table 6: Results for MB Adsorption Study 
 
 
 
where C0 = initial concentration of MB solution (10 mg/L); Ce = equilibrium 
concentration of MB solution (mg/L); qeq = equilibrium uptake of MB onto AC (mg/g); 
SMB= specific surface area of AC for MB adsorption; % RE = percentage removal 
efficiency  of AC 
 
Figure 7: Graph of Uptake Capacity of MB onto Prepared AC 
Table 7: ANOVA for Control Parameter on MB Adsorption Study 
Process Parameters F value  P value  
Impregnation 
Concentration 
7.0802 0.0239* 
Activation Temperature  3.5960 0.0712 
Activation Time  0.7869 0.3959 
* Indicates Significance 
The adsorption capacity of MB was observed to 
also dependent on the activation temperature and time 
condition. The qeq and % RE values increased with the 
increase of activation time from 30 to 60 minute as 
shown in Figure 7. Again, it was contributed by the 
release of more volatiles by keeping the sample for 
longer duration in the furnace during activation, 
promoting better porosity development. It was 
observed that an increase in activation temperature 
from 500, 600 and 700 ºC too was accompanied by an 
increase in the value of qeq and % RE as reported. 
Higher activation temperature promoted higher carbon 
burn-off which open up more pores and produces 
extensive surface area for adsorption of MB 
molecules. The value of qeq and % RE were directly 
proportional with the specific surface area of AC for 
MB adsorption. Higher SMB value indicated larger 
accessible area for MB molecules thereby increasing 
the uptake capacity of AC for MB adsorption. 
From ANOVA analysis as shown in Table 7, the 
impregnation concentration was the one significant on 
MB uptake capacity of AC with P-value less than 
0.05. Both activation temperature and time was 
insignificant on MB uptake capacity of AC with P-
value more than 0.05 being reported. Highest MB 
adsorption for AC sample in this work was found to 
be one prepared at 700 ºC and 60 minutes activation 
with 30 wt % impregnation having largest specific 
surface area of 21.137 x 10-3 km2 kg-1 with maximum 
value of 6.932 mg/g equivalent to 69.324 % RE for 
MB removal. Comparable results for MB adsorption 
was also reported in the work of Zaini et al. (2014) 
and Itodo et al. (2010) for 5 mg/g and 4.92 mg/g 
respectively [25], [26]. 
 
 
 
            (a) 10 wt%-500 °C-60 min (b) 10 wt%-700 °C-60 
min 
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            (c) 30 wt%-500 °C-60 min (d) 30 wt%-700 °C-60 
min 
Figure 8: SEM Photograph of the Prepared AC Samples 
 
The surface morphology on the AC was analyzed 
with the aid of SEM. As reveal in Figure 8, the 
surfaces of the AC have burnt out pores with tunnel or 
honeycomb-like structures. These cavities were 
formed during thermal treatment process where 
evaporation of the activating agent occurred, leaving 
behind free space or void. These pores possess intense 
Van der Waals force, responsible for trapping 
molecules during adsorption. The results showed that 
surface of the AC changed with impregnation 
concentration, temperature and time of activation. The 
SEM photograph for two samples of AC with similar 
impregnation concentration and activation time of 
30 wt % and 60 min, respectively with only difference 
of activation temperature (500 oC and 700 oC) were 
characterized with highly amorphous, extensive 
surface area with burnt-out pores. A larger swelling of 
surface structures was produced at higher temperature 
of 700 ºC as observed in Figure 8 (d). It was also 
noted that 30 wt % AC has more extensive surface 
area than 10 wt % AC as showed by Figure 8 (a) & 8 
(b). 
 
(a) 
 
(b) 
 
(c) 
Figure 9: FTIR Spectra of (a) Raw PKS, (b) 10 wt  % AC and (c) 30 
wt % AC with (A1) 500 °C-30 min.; (A2) 500 °C-60 min.; (B1) 600 
°C-30 min.; (B2) 600 °C-60 min.; (C1) 700 °C-30 min.; and (C2) 
700 °C-60 min. activation, respectively 
Surface functional group of AC was analyzed 
using FTIR infrared. The FTIR spectra for raw PKS as 
presented in Figure 9 showed most complex surface 
with numerous peak of adsorption band. The broad 
peak observed at 3427.16 cm-1 and 2893.47 cm-1 was 
due to the presence of free hydroxyl groups (OH) and 
C-H sp3 respectively, corresponding to O−H stretch 
vibration on the surface. The strong peak of C=O 
stretching vibration on the surface was observed at 
1721.43 cm-1 and 1597.90 cm-1. Adsorption band due 
to the presence of C−O−C vibration in esters can be 
observed at 1231.16 cm-1. The sharp peaks of 1057.01 
cm-1 and 988.54 cm-1 corresponded to the C−OH 
stretch vibration on the surface and C−H out-of-plane 
bending vibrations in substituted ethylenic systems 
respectively. 
The FTIR spectra for prepared AC revealed less 
complex surface with fewer adsorption bands 
observed in Figure 9. Many adsorption peaks 
presented in raw PKS were not observed in the spectra 
for AC. This could be contributed by the removal of 
most absorption peaks of functional groups presented 
in the raw PKS in the carbonization and activation 
process. These functional groups as observed from the 
raw PKS spectrum were released or lost as volatile 
materials in the process of devolatilization during 
thermal treatment of the carbon material. This 
indicated that the raw PKS has successfully been 
converted into activated carbon [24]. 
 Besides, it was observed that there were similar 
types of peak assignment for all of AC prepared under 
different process parameters. Table 8 summarizes 
infrared adsorption bands on prepared AC with 
assignment to their surface functionalities. All 
samples of AC showed a weak peak at 3407.76 -
3872.48 cm-1 assigned for the presence of O−H stretch 
vibration on the surface. The broad peak was detected 
at 2168.44 - 2206.34 cm-1 indicating C=C stretch 
vibration in the sample. Adsorption bands at 994.73 -
 998.90 cm-1 were responsible for C−OH surface 
functional group’s stretch vibration on the surface. 
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Table 8: Adsorption bands on prepared AC with assignment to 
their surface functionalities 
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